DMSO, which are used as ·OH scavengers, were obtained from Wako Pure Chemical Industries, Ltd., (Osaka, Japan).
Dentin Blocks The dentin blocks were prepared as described by Tsujimoto et al. 12) Four blocks were obtained from the root of an extracted human single cone tooth. The pulp and smear layers were removed by file, then 15% EDTA was applied on the dentin wall for 2 min. The sample was washed with pure water (PW) and blot dried with Kimwipe (Kimberly-Clark Co. Ltd., Japan) paper. The sample was then weighed. Three blocks were used for each examination.
Free Radical Measurement The ESR spin-trapping method 11, 13, 14) was used to measure free radical generation from each solution. The final concentration of DMPO in 200 ml of the reaction mixture was adjusted to 89.0 mM for this experiment. The ESR spectra were measured using a JES FA 300 (JEOL, Tokyo, Japan). The measurement conditions were as follows: microwave power, 8 mW; magnetic field, 335.0Ϯ5 mT; sweep time, 2 min; modulation frequency, 100 kHz; and time constant, 0.03 s.
Calcium Volume Measurement The calcium volumes of each solution around the dentin blocks were measured over time using an inductively coupled plasma atomic emission spectrometer (SPS 1700R; Seiko Instrument Inc., Tokyo, Japan). The measurement conditions were as follows: modulation frequency, 27.12 MHz; microwave power, 1.30 kW; plasma flow (argon gas), 16.0 l/min.
Changes in pH The pH of each solution was measured using an ISFET pH Meter KS723 (Shindengen Electric Manufacturing Co., Ltd., Tokyo, Japan).
Wet Tooth Block Weight The wet tooth block weight was measured using a R2000D electric scale (Sartorious, Germany). 
RESULTS

State of the Dentin Blocks
The typical state of the dentin blocks in each solution after 3 weeks is shown in Fig.  1 (results at 1 and 2 weeks not shown). The dentin blocks and solutions in PW and EPC-K 1 showed little change after 3 weeks; however, the color of the solutions in 2.5 and 25 mM EPC-K 1 changed to milk-white. The color of the dentin blocks became white after 3 weeks in 3% H 2 O 2 and 3% H 2 O 2 with EPC-K 1 . However, after 3 weeks in 3% H 2 O 2 with 2.5 and 25 mM EPC-K 1 the dentin blocks had collapsed. An exceptional amount of collapse was observed in 3% H 2 O 2 with 25 mM EPC-K 1 after 3 weeks.
Calcium Volume of the Solutions The calcium volume in the solutions is shown in Figs. 2A and B. Calcium volume increased after the addition of EPC-K 1 in a concentration-dependent manner. An exceptional amount of calcium was detected after the addition of 25 mM EPC-K 1 .
Changes in pH The change in pH of each solution (including the dentin block) is shown in Fig. 3 . In the case of EPC-K 1 , the pH of the solution (approximately pH 6) increased gradually after mixing. After 3 weeks, the pH was approximately 8 (Fig. 3A) . The pH of the solution was approximately 6 after mixing with 3% H 2 O 2 and differing concentrations of EPC-K 1 . The pH increased to pH 7-8 in 3% H 2 O 2 , 3% H 2 O 2 with 0.025 mM and 0.25 mM EPC-K 1 . However, in 3% H 2 O 2 with 2.5 and 25 mM EPC-K 1 the pH decreased to pH 4-5 at 1 week and then increased to pH 6 after 3 weeks (Fig. 3B) .
Wet Dentin Block Weight The wet dentin block weight showed little change except when 3% H 2 O 2 was used with 25 mM EPC-K 1 for 3 weeks. This happened because the dentin block collapsed (data not shown).
Analysis of Collapsed Dentin Blocks
The calcium: phosphorus ratio of the collapsed tooth block was measured using an inductively coupled plasma atomic emission spectrometer (SPS 1700R; Seiko Instrument Inc., Tokyo, Japan). The calcium : phosphorus ratio was found to be 1 : 2 in 3% H 2 O 2 with 25 mM EPC-K 1 .
Free Radical Measurement Generated free radicals were measured using an ESR spin-trapping method. 11, 13, 14) · OH were detected from 3% H 2 O 2 (Fig. 4) , and a carbon center radical (· C) was detected when ethanol or DMSO was added to 3% H 2 O 2 (data not shown). This means that free · OH was produced followed by conversion to the DMPO-Ccenter. 15 ) · OH was not detected with every concentration of EPC-K 1 , however · OH-like signals were observed at 3 weeks with high concentrations of EPC-K 1 (2.5, 25 mM) (Fig. 4) 10) and can chelate iron and copper. 11) In addition, Kuribayashi et al. 16) suggested that EPC-K 1 might be useful in the treatment of ischemia-reperfusion. It was thought that EPC-K 1 could be used to treat the inflammation of dental pulp and gingiva, and in tooth replantation and transplantation. It has not been reported what kind of effect EPC-K 1 has on the tooth component. As mentioned above, we found accidentally that EPC-K 1 dissolved dentin during the tooth whitening experiment. It is therefore very important to clarify the effects of EPC-K 1 before it is applied clinically.
The results of the current study show that high concentrations of EPC-K 1 (2.5, 25 mM) with 3% H 2 O 2 dissolved and caused the collapse of dentin blocks. When the pH of the solution was measured, it was found to be pH 5-6 for 24 h, then decreased to pH 4-5 in the first week, and then rose after 3 weeks to pH 5.5-7.
High concentrations of EPC-K 1 (2.5, 25 mM) without 3% H 2 O 2 , on the other hand, dissolved the dentin blocks without causing a collapse. In this case, the initial pH was approximately 6 and then increased gradually to pH 8 after 3 weeks.
The · OH was generated from H 2 O 2 via Fenton reaction 17, 18) because of H 2 O 2 generally includes a small volume of metal in the manufacture process. In this experiment, the EPC-K 1 concentrations ranged from 0.025-25 mM. This was because the · OH generated from 3% H 2 O 2 was completely eliminated by the addition of 0.025-25 mM EPC-K 1 in a preliminary study (data not shown). The pH experiment is an important aspect because teeth are dissolved by acidic solutions such as phosphoric acid, which is used as a tooth etching agent. The pH was not dependent on dentin being dissolved by EPC-K 1 ; the pH decreased to pH 4-5 in the first week and then rose to pH 5.5-7 after 3 weeks when high concentrations of EPC-K 1 with H 2 O 2 were used. This observation is difficult to explain, although it is suggested that the dissolving of dentin by EPC-K 1 is enhanced by H 2 O 2 . A further study to clarify this issue is currently underway.
In a previous tooth whitening study, 2) the ·OH generated from H 2 O 2 degraded the amino acids that make up organic matter, although the structure of hydroxyl apatite, like the inorganic material in dentin, did not change after application of H 2 O 2 . The weight of the dentin block decreased after application of H 2 O 2 , but the calcium volume did not change. It has been suggested that the · OH generated from H 2 O 2 degraded the organic matter of dentin, and then destroyed its structure. In this study, a · OH-like signal was detected with 2.5 and 25 mM EPC-K 1 with and without H 2 O 2 . In addition, dentin bleaching (whitening) by the · OH generated from H 2 O 2 was not prevented by the addition of EPC-K 1 , a ·OH scavenger. There have been no reports on free radical generation from EPC-K 1 solutions, and it is unknown how · OH-like radicals are produced. There is no evidence that the · OH-like signal influences the dissolving of dentin, and this phenomenon therefore requires clarification in a further study.
In sound dentin, the calcium : phosphorus ratio is usually 2 : 1, but in this study the calcium : phosphorus ratio was 1 : 2 in the collapsed tooth blocks treated with 25 mM EPC-K 1 with 3% H 2 O 2 . It is suggested that EPC-K 1 not only chelates iron and copper, as reported previously, 10, 11) but can also chelate calcium.
From the results of this study, it is suggested that H 2 O 2 generates · OH which attack an organic material, such as dental collagen, and that the calcium component of dentin was lost over time by the chelating activity of EPC-K 1 . It is therefore evident that high concentrations of EPC-K 1 should not be used for long periods of time during tooth replantation, treatment of periapical lesions, tooth transplants and implants. This is because the alveolar bone might be damaged by EPC-K 1 . High concentrations of EPC-K 1 for protection against bone resorption and/or the chelation of calcium from bone or teeth should be used with caution.
